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of British men and 6% of British women are now known to have diabetes. 3 Of the remainder, approximately 6% of men and 5% of women are classified as having undiagnosed diabetes.
Insulin is a hormone produced in the beta cells of the Islets of Langerhans within the pancreas. Insulin is released directly into the bloodstream and is therefore part of the endocrine system. Insulin acts like a key which allows blood glucose to enter the cells around the body for use as an energy supply. Glucose is essential for the body to function properly. The brain is particularly affected by any reduction in blood glucose supply due to its lack of capacity for glucose storage.
There are two main types of diabetes:
Type 1 diabetes
Type 1 diabetes accounts for approximately 15% of all diabetics in the UK: it is usually juvenile onset, but can occur at any age. In Type 1 diabetes the beta cells in the pancreas undergo a chronic autoimmune destruction process which results in a long-term lack of endogenous insulin. Scientists and researchers remain unsure as to the exact cause of Type 1 diabetes but it is thought that a viral or other infection may trigger the autoimmune destruction.
INTRODUCTION
As Martin Silink, past-president of the International Diabetes Foundation (2003 Foundation ( -2006 , expressed, 'diabetes is understood by few and ignored by many' . 1 With the current global epidemic of this condition it is important that clinicians should have background knowledge of diabetes and its implications for dental care so that barriers to treatment can be avoided.
WHAT IS DIABETES?
Diabetes is a condition where the body either fails to produce insulin (Type 1 diabetes) or the insulin that is produced is no longer as effective (Type 2 diabetes). A recent study in the United Kingdom reported that diabetes affects 4.3% of the UK population. 2 However, using recently introduced WHO criteria, there has been a drastic elevation in the prevalence of diabetes among the older British population (age range 60-79 years): approximately 8% This paper has been written to both refresh and update clinicians' knowledge of diabetes. Treatment for patients with diabetes continues to develop with the majority of Type 1 diabetics now using multiple daily injections and an increasing minority using insulin pumps. Blood glucose monitoring and patient education programmes have resulted in more patient involvement in controlling this condition. Type 2 diabetics have had improvement in care provision through the development of shorter acting sulphonylureas and the potential for GLP1 injections. The impact of diabetes on both oral health and quality of life is discussed. Practical suggestions are made regarding the dental treatment of diabetic patients using both local anaesthetic and under sedation. Diabetes continues to be a fickle master for those affected by this condition. The paper is written from the perspective of the 'expert patient' . It is hoped that a greater understanding of this chronic condition will improve both access to, and safety of, dental care for those patients with diabetes.
insulin must be replaced via injection, or via an insulin pump. This should be combined with knowledge of dietary carbohydrate (CHO) values such that injected insulin can be adjusted to carbohydrate consumed to avoid large fluctuations in blood glucose levels.
There are many other factors (apart from insulin and CHO) which can affect blood glucose levels. These are less easy to control or monitor and include: antiinsulin hormones, eg, adrenaline, growth hormone, cortisol and glycogen; exercise; and anxiety.
The above factors alter from day to day and even hour to hour thus making good blood glucose control a far from simple goal.
Type 2 diabetes
With Type 2 diabetes there are usually adequate levels (and sometimes even increased levels) of insulin but it is no longer as effective at the cellular level. Using the key analogy, it is as if the key is a bit rusty and it struggles to unlock the cell door to allow the blood glucose to enter. Blood sugar therefore becomes raised but as there is still some effective insulin the levels are not usually as high as with the Type 1 diabetes situation. Hence the undiagnosed Type 2 diabetic may misinterpret or even ignore their symptoms • Advises on the safe dental treatment of the diabetic patient including under sedation.
• Discusses the possible effects of dental treatment on diabetic control.
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TREATMENT

Type 1
The Type 1 diabetic must take daily insulin injections to replace the lack of insulin. Previously animal (pork or beef) insulins were used. Synthetic human insulin was developed by the Eli Lilly company in 1980 using recombinant DNA technology. Further refinements to these resulted in the modern 'analogue' insulin. The slight alteration in the synthesised human insulin resulted in two types of analogue insulin.
Bolus or short-acting insulin
These dissolve more quickly into the bloodstream and are generally injected just before snacks or meals containing CHO. They have a rapid onset of action and their peak action lasts for 2-4 hours.
Basal or long-acting insulin
These are usually injected once or twice a day. Their onset of action is slow and peak action lasts for 4-12 hours with duration of action being 16 to 35 hours.
The basal insulin deals with the background level of glucose (caused by the anti-insulin hormones) found in the blood during the day. The bolus insulin, given just before eating, deals with the rise in glucose levels after eating. The dosage can be adjusted depending on the value of carbohydrates (CHO) in the meal. The diabetic patient should be conversant with carbohydrate values of different foods. Eating food that has not been prepared at home can sometimes be a best guess process but with experience, carbohydrate assessment becomes more accurate.
Regular blood glucose monitoring means that the levels of insulin can be altered to try to maintain blood glucose levels within the range 4-7 mmol/l before meals and <9 mmol/l for most of the time.
Type 2
With Type 2 diabetes treatment is aimed at increasing the effectiveness of the endogenous insulin using metformin and glitazones. Sulphonylureas, which act on the pancreas to help increase insulin production, may also be used. These drugs are supplemented by dietary changes and an increase in exercise to help to prolong the insulin production of the pancreas.
Unlike Type 1 diabetes there is a definite genetic propensity to develop Type 2 diabetes. Fiske reported that people of South Asian or Afro-Caribbean origin have a higher incidence of Type 2 diabetes 6 and their age of presentation is younger (aged 25) compared to Caucasians (aged 40). Putting on weight is a significant contributing factor to the increase in number of people with diabetes.
With time, all patients with Type 2 diabetes will eventually need to inject insulin: the pancreas will produce less and less effective insulin and the ever increasing blood sugar levels will eventually necessitate insulin injections.
MONITORING THE STATE OF DIABETES
Blood sugar
Monitoring is the key to achieving good blood sugar (BS) control. Today, the blood sugar level is recorded using a blood glucose meter. There are many different types of blood glucose meter but the same basic principles of use apply. The machine will use test strips which are inserted into the machine, the coding is checked and a small drop of blood (achieved using a lancet device) is applied to the end of the strip ( Fig. 1 ) Within seconds the blood glucose level in mmol/l will be displayed. The diabetic patient is recommended to maintain a blood sugar of above 4 mmol/l. An automated blood glucose measurement device is on the list of minimum equipment recommended by the Resuscitation Council for medical emergencies in general dental practice 2006. 7 Training of the dental team in the use of a blood glucose meter is recommended.
The non-diabetic patient will have a blood glucose level of 4-8 mmol/l depending on when they last ate. Unfortunately the average Type 1 diabetic will only spend about 30% of the 24 hour cycle with blood glucose levels within this normal range. Fortunately, the body has the capacity to tolerate abnormal blood glucose levels, however, patients may still be aware that they 'don't feel quite right' . Over time the diabetic patient will develop a type of thermostat mechanism such that they can tolerate blood sugars within a certain range but not beyond it. This comfort zone will be different for each diabetic.
If for instance a diabetic is used to their blood sugars running generally higher than recommended (eg 10-20 mmol/l) then they will be far more aware of an oncoming low blood sugar as a blood sugar below 4 mmol/l will be outside their comfort zone. This however comes at the cost of being at an increased risk of complications. If on the other hand a diabetic is 'tightly controlled' ie their blood sugars are closer to normal (4-7 mmol/l) then they may have less warning or sensitivity to a fall in blood sugar below 4 mmol/l. This means that they are at an increased risk (approximately 2-3 times) of a severe hypoglycaemia without an effective warning. On the positive side they are at reduced risk of complications. Balancing these concerns of increased risk of complications or increased risk of severe hypoglycaemia is often a source of anxiety to those living with diabetes.
Glycosylated haemoglogin (HbA1c)
Longer-term diabetes control is carried out by monitoring the level of glycosylated haemoglobin. Haemoglobin is a protein attached to the red blood cells. Its main function is the transportation of oxygen around the body. When the haemoglobin molecule is surrounded by a high glucose level within the bloodstream then some of the glucose will become attached to the haemoglobin. This is called glycosylation. This haemoglobin will remain glycosylated until the red blood cell to which it is attached dies (approximately three months). The HbA1c is the ratio of glycosylated haemoglobin to unglycosylated haemoglobin given as a percentage. This level approximates to the average blood sugar level within the last three months. From June 2011 there is to be a change to reporting of patients' HbA1c. The new IFCC HbA1c can be calculated from the old HbA1c (DCCT-HbA1c) and will be expressed in mmol/mol. For a full explanation and conversion formula readers are referred to the following website: http://www.diabetes.org.uk/Professionals/ Publications-reports-and-resources/Tools/ Changes-to-HbA1c-values/.
The most recent NICE guidance (for Type 2 diabetics) advocates a threshold HbA1c ≥ 6.5% for the initiation of oral monotherapy and subsequent dual combination therapy after monitoring. An HbA1c ≥7.5% is recommended as a threshold for further oral therapy escalation or third-line initiation of insulin or exenatide. 9 If the level exceeds 13%, it is considered as a poorly controlled patient. 10 In general terms the HbA1c gives a reflection of the level of blood sugar control the diabetic is achieving. These figures have a bearing on a patient's ability to heal following surgery and the efficiency of their immune system. Patients with an HbA1c above 10% should be treated with caution.
Ketones
During periods of hyperglycaemia, it is important for the diabetic to test for ketones (using either blood or urine test strips). Ketones develop when there has been a protracted period of high blood sugar (>16 mmol/l). As the body's cells need for a source of energy continues and a lack of sufficient insulin prevents glucose being used, a situation of 'starvation among plenty' develops. The body is unable to utilise the high levels of glucose so it starts to break down body fats as a source of energy. Ketones are produced as a by-product of this reaction. These ketones have a serious effect on the blood pH (ketoacidosis) and are toxic.
Diabetic ketoacidosis (DKA) is a hyperglycaemic emergency associated with major morbidity and mortality. However, it is reversible, requiring rapid recognition and initiation of treatment with fast-acting (soluble) insulin and intravenous fluids.
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Mortality rates of 3.9% were reported in Birmingham, UK, for the period 1971-1991. 12 Ketones are excreted in the urine, sweat and breath. They have a distinctive sweet smell often compared to pear drops. A dentist may well be in a prime position to pick up this characteristic smell on the breath. The patient should be advised to contact their diabetes team or GP urgently. Best outcomes for DKA are seen when patients are initially managed in a High Dependency Unit, and this is the practice in the USA.
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HYPOGLYCAEMIA
As mentioned earlier the aim of diabetes treatment is to stabilise blood glucose levels within the normal range. It is of importance for the dental team to know how to manage the situation when blood sugars are outside this range in particular when the blood sugar levels fall (<4 mmol/l) and a hypoglycaemia (hypo) develops.
Different diabetic patients will experience different symptoms of a hypoglycaemia (Table 1) . These symptoms may alter with time and it is important for the dental team to update the patient's notes with symptoms when they are checking the medical history so they are able to anticipate the cause of any change in behaviour and deal with it appropriately ( Table 2) .
The majority of the symptoms of hypoglycaemia are caused by the release of adrenaline. It is the adrenaline that causes the sweating, shakiness tachycardia and anxiety felt during a hypo. Having a 'hypo' is an unpleasant experience and may cause the patient to exhibit strange behaviour which can be a source of embarrassment on recovery. The fear of having a 'hypo' without pre-warning symptoms can be a great source of anxiety for the diabetic patient; those warning 'signs' being palpitations and sweating. One study has shown that insulin-treated diabetic subjects ranked the fear of hypoglycaemia as highly as that of the chronic complications of nephropathy or retinopathy.
14 This may be given as a reason for allowing raised blood sugars to persist.
Dr Mark Evans, a leading researcher into hypos, believes that most patients will 'come out' of a hypo given time as the injected insulin wears off and the antiinsulin hormones raise the blood sugar. 15 Despite this, treatment should be started at the first opportunity to prevent loss of consciousness. For the causes of hypoglycaemia see Table 3 . 
HYPERGLYCAEMIA
At the other end of the blood sugar spectrum is hyperglycaemia. Here the blood sugar is raised (>10 mmol/l) and there is a situation of 'starvation among plenty' There is plenty of glucose around but the body's cells cannot access it due to the lack of insulin. The following symptoms develop: The treatment for hyperglycaemia is fast-acting (soluble insulin) for the Type 1 diabetic or an increase in oral hypoglycaemic medication for the Type 2 diabetic. It is important for the hyperglycaemic patient to drink plenty of fluids to prevent dehydration. The cause of the hyperglycaemia must also be addressed. A dental abscess can cause a serious increase in blood sugar levels with sometimes catastrophic results as reported by Shah et al. 16 The challenge of improving glycaemic control for the diabetic is driven by two main goals. The first is to reduce the impact of this condition on daily life and the second is to prevent complications the likelihood of which has been shown to increase with poor control.
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COMPLICATIONS OF DIABETES
The complications of diabetes are shown in Table 4 , all of which can be subdivided into three categories:
• Macrovascular complications affect the large blood vessels • Microvascular complications affect the small blood vessels • The psychological effect is also important to acknowledge.
The Diabetes Control and Complication Trial 1993 recorded the impact of good glycaemic control on the frequency and severity of complications of diabetes. 8 This randomised controlled trial demonstrated an overwhelming difference in the chance of developing three major diabetic microvascular complications. Good blood sugar control produced a 62% reduction in relative risk of diabetic retinopathy. There was 56% less progression of kidney disease and 60% less progression of nephropathy. The negative effects were a three fold increase in severe hypoglycaemias and also a 1 kg/ year weight gain compared to the nonintensive glycaemic control group.
Seventy-five percent of deaths among the diabetic population are due to heart attacks or strokes. New information from the NHS Information centre (www.ic.nhs.uk) confirms that there are over 300 heart attacks, 300 strokes and over 100 lower limb amputations/ week due to complications from diabetes.
The psychological impact of living with this challenging chronic condition has been underestimated in the past. The more enlightened diabetes teams have appreciated the bi-directional impact of psychological health and diabetes control. A recent report by Diabetes UK highlights the lack of access to psychological support in the UK. 17 This is despite the fact that clear evidence exists showing that treatment for psychological conditions associated with diabetes (including depression, anxiety and eating disorders) leads to reduced symptoms, improved glycaemic control 18, 19 and a reduction in both psychological distress 20, 21 and healthcare costs. 22 It is to be hoped that adequate funding will be found such that the recommendations made in the report will be realised and that a more holistic care for the treatment of diabetic patients will result.
DENTAL SCREENING
In the GDP environment, all new dental patients should be questioned as to their diabetic status. A full periodontal examination should be the recommendation for all known diabetic patients, as part of their routine oral health management. 23 Patients with diabetes experience periodontal disease more frequently and with greater severity than the general population, 24, 25 there being a bidirectional relationship centred on an enhanced inflammatory response manifested both locally and systemically. 26, 27 Periodontal treatment should be regarded as a possible way of improving glycaemic control. 28 Current scientific evidence suggests that periodontal treatment could lead to a mean reduction of 0.4% in HbA1c level.
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ADVICE FOR DENTAL TREATMENT FOR THE TYPE 1 DIABETIC PATIENT
The diabetic patient should be advised to bring four things with them to their dental appointment: If on updating the individual signs of a 'hypo' it is found that the patient gets a tingling in their lips, then it would be sensible to do a blood sugar test before administering an ID block. An ID block would otherwise remove any chance of the patient warning the dental team of an oncoming hypo.
A high HbA1c level would put the patient at increased risk of infection and impair their ability to heal following any surgical procedures. While this should not prevent the surgery taking place (particularly if it is thought to be contributing to the poor glycaemic control) it should be carried out with caution in view of the compromised immune system. If the patient has ketones (see above) then any elective surgery should be delayed until the ketosis is resolved using soluble insulin. Communication with the patient's Diabetes Care Team would be advisable.
Cronin et al. 29 found that diabetes is the only systemic disease with a positive correlation to periodontal disease. The suggestion is that poor diabetic control leads to increased periodontal tissue destruction but the association is cyclical so poor periodontal condition can worsen diabetic control. Hence by improving the diabetes control the periodontal condition may also be positively affected and vice versa.
CONSCIOUS SEDATION FOR THE DENTAL TREATMENT OF DIABETIC PATIENTS
Currently conscious sedation for dentistry has an excellent safety record. In order to maintain this the following recommendations should be considered for Type 1 diabetics or Type 2 diabetics taking insulin (Table 5) .
Sedation clinicians should still use the ASA (American Society of Anaesthesiologists) rating system for assessing the most appropriate setting for sedation. 30 A tightly-controlled insulindependent diabetic (assuming no other co-morbidities) may well be an ASA2 and with due care and attention could be treated in primary care. Secondary care with the potential use of a multi-disciplinary team may be a more appropriate venue for a poorly-controlled diabetic with co-morbidities.
Hopefully, these relatively simple suggestions will help to maintain the excellent safety record of conscious sedation for dentistry. In NO way are they meant to dissuade the clinician from treating the diabetic patient.
POSSIBLE IMPACTS OF DENTAL TREATMENT FOR THE DIABETIC PATIENT
Some dental treatments may well impact on glycaemic control of the diabetic patient and the clinician should be aware of this and stress the need for careful blood sugar monitoring. For example, if an abscessed tooth is extracted (which as a source of infection has caused a rise in the blood sugar) then a fall in blood sugar may well result and a reduction in insulin requirements may occur. By a similar mechanism antibiotics may also affect the blood sugar and in fact may also cause a further reduction in BS as a consequence of increasing the rate of transit of food in the digestive tract. This in turn reduces the amount of carbohydrates being absorbed. Alerting the patient to these possible consequences of treatment and advice to carefully monitor BS may well prevent problems.
Sources of infection in the diabetic patient must be dealt with promptly to avert serious consequences. The clinician should remain alert to the possibility of a patient having undiagnosed diabetes. A GDP who sees a patient on a regular basis will be well positioned to notice certain oral symptoms of hyperglycaemia. This may be xerostomia, a deterioration in periodontal condition which does not respond to treatment, candidal infection, or any smell of ketones on the breath. Such a patient should be questioned as to whether they had been feeling more tired or thirsty lately. Inquiry into any family history of diabetes may also raise the level of suspicion. A referral to the patient's GP for a glucose tolerance test would be wise. The patient may then receive appropriate advice and if necessary treatment preventing or at least delaying the onset of complications.
THE FUTURE
Type 1
Insulin pumps
Currently 3% of the type 1 diabetics in the UK have an insulin pump (Fig. 2) . These machines provide a continuous subcutaneous insulin infusion. Vigilant BS monitoring and CHO counting is still required. The reservoir in the pump utilises short acting insulin alone. This is released at variable rates during the day which may more accurately accommodate the fluctuating levels of background hormones. The variable basal rates and adjustment of bolus needs at different times of the day allow finer tuning of blood sugar control. This comes at the cost of greater input from the patient. Further progress of currently existing, indwelling glucose sensors may one day close the loop such that the blood glucose readings could influence the rate of insulin delivery thus mimicking the non-diabetic situation.
Islet/pancreas transplants
Surgery involving the pancreas is notoriously difficult. However, kidney and pancreas transplants are sometimes performed together in diabetic patients with kidney failure. Anti-rejection drugs are still required. Islet transplants are in their infancy but have proved successful in those patients who suffer from repeated severe hypoglycaemia.
Stem cells
Research in this area continues to gather pace with the hope of using the patient's own bone marrow stem cells. Differentiation of these pre-cursor cells into insulin producing beta cells is the aim.
Type 2
GLP1
GLP1 is a naturally occurring gut hormone that initiates the pancreas to increase insulin production. GLP1 is usually broken down by the DPP4 enzyme. Research is ongoing into the use of GLP1 injections (either weekly or daily) in combination with DPP4 blocking tablets. This combination may be of benefit to Type 2 diabetics who struggle with the side effects of sulphonylureas such as hypos and weight gain.
CONCLUSION
With the current rise in numbers of people with diabetes it is important for clinicians to have a background understanding of this condition. The implications it can have for dental care provision should be fully appreciated. The knowledgeable diabetic patient can be a great source of information as to how treatment can best be managed. Encouraging this 'team-work' approach will help to make treatment as problem-free as possible.
However, people with diabetes are not a homogenous group. When diabetes is combined with other conditions eg learning disabilities, autism, dementia or communication difficulties then a multi-disciplinary approach with the diabetes care-team or the GP would help to ensure the optimum treatment for this group of patients. 
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